A simple and efficient procedure for the one pot Biginelli Condensation Reaction of aldehydes, β-ketoester and urea employing SnCl 4 .5H 2 O /mono/di/tributyl-tin chloride as a novel catalyst is described. Compared to classical Biginelli reaction conditions, the present method has the advantages of good yields, short reaction times and experimental simplicity. Further, comparative efficiency of alkyl-tin chlorides in multicomponent Biginelli Condensation Reaction is also studied under solvent free conditions.
INTRODUCTION
The multicomponent reactions (MCR 1 s) are one of the most important protocols in organic synthesis and medicinal chemistry 1 . The 3,4-dihydropyrimidin-2-(1H)-ones (DHPM's) have recently emerged as important target molecules due to their therapeutic and pharmacological properties 2 such as antiviral 3 , antimitotic 4 , anticarcinogenic 5 , antihypertensive 6 and noteworthy, as calcium channel modulators. 7 Owing to the immense therapeutic and medicinal significance of DHPM's, exploring convenient and efficient methods for their synthesis with readily available reagents is of prime importance.
The development of new strategies for the preparation of complex molecules in neat conditions is a challenging area of organic synthesis. For instance, a large number of organic reactions are typically carried out under anhydrous conditions, using volatile organic solvents like benzene, which are the cause of environmental problems and are also potentially carcinogenic. Hence, it is required to develop safe, practical and environmentally friendly processes.
The pioneering work of Toda et al 8 has shown that many exothermic reactions can be accomplished in high yield by just grinding solids together using mortar and pestle, a technique known as 'Grindstone Chemistry' which is one of the 'Green Chemistry Techniques'. Reactions are initiated by grinding, with the transfer of very small amounts of energy through friction 9 . In addition to being energy efficient Grindstone Chemistry also results in high reactivity and less waste products. Such reactions are simple to handle, reduce pollution, comparatively cheaper to operate and may be regarded as more economical and ecologically favourable procedure in chemistry 10 . Solid-state reactions occur more efficiently and more selectively than does the solution reaction, since molecules in the crystals are arranged tightly and regularly
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. This work focuses on the synthesis of Biginelli compounds, or (DHPM's) using SnCl 4 .5H 2 O /mono/di/tri-butyl-tin chloride under the framework of 'Grindstone Technique'.
Biginelli reaction is an important multicomponent reaction for the condensation of DHPM's. The classical Biginelli reactions were conducted under strongly acidic conditions, which suffer from poor yields, long reaction times, and sensitive functional groups are lost during the reaction conditions. This has lead to the development of several new methodologies, which improve the yields compared to the original procedure. These new strategies involve the combinations of Lewis acids and/or transition metal salts e.g. , CoCl 2 23 etc. Although, many Lewis acids and transition metal salts have been found to catalyze this reaction, they still have limitations like high cost, prolonged reaction time, and the use of strong acids. The combination of solvents and long reaction time, costly chemicals/catalysts makes this method environmentally hazardous. Therefore, search for a milder and more efficient protocol for the synthesis of dihydro pyrimidinone continues to draw the attention of researchers. SnCl 4 .5H 2 O is a strong Lewis acid. It is monomeric, highly soluble in organic solvents as well as in water, easy to handle and therefore attractive alternative to many Lewis acids. It is extensively used as a catalyst in conjugate additions. It can bind to the electron-withdrawing group in Michael acceptors or to dienophile, lowering energy in Diels-Alder reaction. To the best of our knowledge, neither tin chloride nor alkyl-tin chlorides have been explored as a catalyst for Biginelli condensation reaction using Grindstone Technology.
RESULTS AND DISCUSSION
As per our ongoing efforts to synthesize privileged class of compounds 24 and exploiting the inherent capacity of Biginelli reaction to be promoted by acids, in this communication a novel, simple and effective modification of Biginelli reaction is reported. The procedure using the grindstone technique is characterized by high yields of DHPM's using catalytic amount of SnCl 4 .5H 2 O while preserving the original 'one-pot' protocol of Biginelli condensation and it also favors environmentally benign reaction conditions. Literature survey revealed that there are few reports 25 on its use in the synthesis of dihydropyrimidinones. This procedure is superior to the existing methods, since grinding does not require solvents leading to safe and environmentally friendly synthesis. Furthermore, the proposed technique does not require external heating or cooling at any stage, leading to energy efficient synthesis providing high yields of products.
Therefore, it was thought worthwhile to optimize and compare the efficiency of substituted tin chlorides as promoters in multi-component reaction in the absence of any solvent. All tin chlorides have demonstrated their ability to act as promoter in multi-component Biginelli condensation reaction (Scheme-I). It was found that tin chlorides employed differed in their efficiency in terms of yields and purity (Table-1 To check promoter efficiency of catalyst and reproducibility of the reaction, different aldehydes were reacted with urea to give 13 different compounds. A mixture of aromatic aldehyde (1), ethyl acetoacetate (2), urea (3), SnCl 4 .5H 2 O /mono/di/tri-butyl-tin chloride are ground together in a mortar using pestle for nearly 5-10 minutes to give the desired products 4 (Table 1; 4a-m). A catalytic amount of SnCl 4 .5H 2 O /mono/di/tri-butyl-tin chloride and friction created by grinding was sufficient to push the Biginelli reaction forward. (Scheme-I).
As indicated in Table- 1, catalyzing the reaction by tin chloride gave superior results over the other three mono, di and tri butyl tin chlorides both in terms of yields and purity. Monobutyltin chloride had displayed satisfactory results as compared to di and tributyl tin chloride. We have also observed that Lewis acid ability of the tin derivative to catalyze-Biginelli condensation decreases on increasing electron-donating groups. Reaction proceeds faster with mono butyl tin chloride as compared to di and tributyl tin chloride (Table-1) . From this observation we conclude that Lewis acid character of tin chlorides to catalyze condensation reaction follows the order:
Tin chloride>Monobutyl-tin chloride > di butyl-tin chloride > tributyltin chloride
This process worked well with aromatic aldehydes possessing either an electron-donating or electron-withdrawing group. Apparently, for the employed reaction conditions the nature of the substituents does not affect significantly the yield of the reactions. The product 4b, which has an electron donating substituent attached at C-4 position of the aromatic ring was produced in 85% yields while the dihydropyrimidinone 4d with an electron withdrawing group was also obtained in 85% yield.
It should be noted that SnCl 4 .5H 2 O was used as the sole promoter agent in neutral media while for others previously reported 23 hydrates of metal halides such as Fe (III), Ni (II) and Co (II) a catalytic amount of conc. HCl was needed as a Bronsted acid co-catalyst. Reaction proceeded without using acids as additional proton source. All compounds were obtained in good to excellent yields. Melting points of all compounds were found to be much closer to reported substances indicating high purity of the compounds. The structure of all the dihydropyrimidinones prepared is characterized by IR and 1 HNMR and are well correlated with the available literature data.
In the plausible mechanism catalyzed by tin chloride, the initial step is the formation of imine. The Sn ion co-ordinates with the nitrogen atom of imine to give an intermediate complex which activates the C=N bond towards nucleophile. Further, complexation of ß-ketoester with Sn ion increases the nucleophilicity of a-carbon of enolate, facilitating the attack on imine carbon. Attack of free amidic group to the carbonyl carbon which is on the β-position of ester, results in the formation of a six-membered heterocyclic intermediate which on dehydration gives the desired DHPM's. This is in harmony with the mechanism proposed by Kappe et al. 26 
CONCLUSIONS
In the present investigation, tin chloride is found to be superior catalyst over other three mono/di /tri-butyl-tin chlorides both in terms of yields and purity of Biginelli compounds. It is found that SnCl 4 .5H 2 O works as an excellent catalyst for the one pot three component and solvent free synthesis of DHPM's. This procedure is simpler (preserving the one pot synthesis), economical, milder, faster, and is also consistent with the green chemistry theme since no solvent is needed and affords excellent yields.
Experimental Section
General. Reagents and solvents were obtained from commercial sources and used without further purification. Melting points were determined on a Toshniwal apparatus. The spectral and elemental analyses of synthesized compounds have been carried out at SAIF, Punjab University, Chandigarh. The purity of compounds was checked on thin layers of silica gel in various non-aqueous solvent systems, e.g. benzene: ethyl acetate (9:1), benzene: ethyl acetate: Methanol (8.5:1.4:0.1). IR spectra were recorded in KBr on a Perkin Elmer Infrared RXI FTIR spectrophotometer and 1 H NMR spectra were recorded on Bruker Avance II 400 NMR Spectrometer using DMSO-d 6 and CDCl 3 as solvent and tetramethylsilane (TMS) as internal reference standard. All the compounds (4a-m) were synthesized by both the methods and it was observed that yield of the compound obtained by Method B is high as compared to that obtained by Method A (Table 1 c h l o r o p h e n y l ) -1 , 2 , 3 , 4 1 , 2 , 3 E t h y l -6 -m e t h y l -2 -o x o -4 -( 3 , 4 -d i m e t h o x y p h e n y l ) -1 , 2 , 3 , 4 -tetrahydropyrimidin-5-carboxylate (4i) -6 -m e t h y l -2 -o x o -4 -( 2 -h y d r o x y p h e n y l ) -1 , 2 , 3 , 4 c h l o r o p h e n y l ) -1 , 2 , 3 
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